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@ Biodegradable high-molecular polymers, production and use thereof. 



i The invention provides a method of purifying biodegradable aliphatic polyesters which comprises 
dissolving, in a readily water-soluble organic solvent, a biodegradable aliphatic polyester which 
contains low-molecular substances and adding water to the resulting solution to thereby remove said 
low-molecular substances, biodegradable aliphatic polyesters obtained by said method and containing 
low-molecular substances with a molecular weight of 1,000 or less in an amount of not higher than 3%, 
and drug-containing compositions which comprise any of said biodegradable polyesters. 
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FIELD OF THE INVENTION 



„«f!?? f venB ° n re ' ates t0 biodegradable (degradable in vivo as much as in ytoo) high-motecular polyesters 
useful as bases for pharmaceutical preparations, to a method of producing the^e and to a use of th sam 



BACKGROUND OF THE INVENTION 



4,767.628 discloses a method of producing sustained release microcapsules In which such 

infelreleaseofadmgfrommiatxar^ulescanbedecreasedby 
compoundsfrom biodegradable high-mdecular polymer so^^ 

Sustained-release preparations produced by dispersing a drug in a biodegradable hioh-moleciar nnh™-, 

penod of a sustameoWelease preparation is adjusted by the molecular weight of the btehnadabta .21 
molecular polymer, which serves as the base for said preparation. In most cases however 7nSl dnt 

* " ,tS an » m P roved lni «a« release. The extentof improvement, however is such 

22L kT^ J, 10 8UPPre8S "* *■ iniM retease and ,hereb V the rate of release fotater steS 

a^ghitbpossiWetorn^in^ 

As a result of intensive investigations made in an attempt to solve the above problems it was found thaf 
arel^elylc^^ 

*Zti 4,728>721) contains a lar 8 e «w* of oligomers with a molecular weight of 1 000 or less 

J S!l ° m preparatl0ns in which «W higtwnolecularpolymer is used as the wall substencT 
Ort nary punficaton methods such as washing with water cannot eliminate the reStrvSyTow^nSeS 
fraction (oligomers) mentioned above from the high-molecular polymer. As a result of XZiZSitZ 



SUMMARY OF THE INVENTION 



DETAILED DESCRIPTION OF THE PREFERED EMBODIMENT 

The term Tnolecularweight" as used herein means the molecular weight on the polvstvrene baste 

The biodegradable aliphabc polyester to which the method of the invention is to be aoolied should ^ 

Sle^rl ^^r^ add ' ^^P'vallo acid and pof^alic Z^S£££l 
Pdymenzatfon polyesters, such as polyglycolide, polylactide, poly-B- proplolactone. pb^tZSZZ 2 
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graft 

are p^erod hig>Hnolecularpolyrne,s (P° | y esters ). those that undergo relatively rapid degradation in vivo 
As preferred examples of the biodegradable aliphatic poly sterof this invention, ther may be mentioned 

52££F ^ C6 °^ yC ° KC aCW "X"**™**' and Po'yhydroxybutylic acid and hydroxybutyric acid- 
glycolio add polymers. The lacacaacHtfycolicacid copolymers may hav a composition such that lactic acid 
accounts for 100-50 mole percent with the balance being glycolic add. The hydroxybutyric acid-glycolic acid 
copolymers may have a composition such that hydroxybutyric acid accounts for 100-25 mole percent with 
balance being glycolic acid. 

Furthermore, preferred among such lactic acid-glycolic acid copolymers and hydroxybutyric acid-glycolic 
^SSS^OoSon' * "^ eCU,ar wei9ht peak ^ n GPC > me ran 9* of 3.000-50,000. more 

ThereadDywater-solubleorganicsolventtobeusedinmepra^rf 
tefrahydi rofuran. dioxane. dimethylfbrmamide, or dimethyl sulfoxide. The use of acetone is particularly advan^ 

In the practice of the invention, the quantity of water relative to the quantity of the biodegradable high- 
mdecularpolymers^ 

lari polymers may become insufficient If. conversely, said quantity is too small, the recovery of the 
biodegradable high-molecular polymer may become decreased. Generally, 50-150 parts (by volume) of water 
Bused perlOO parts .<* the readily water-soluble organic solvent Upon gradual addition ofwaterto the biodeg- 
radable high^ecular polymer soluttonvnth stirring by an appropriate means, the desired biodegradable high- 
molecular polymer precipitates out or separates out The resulting precipitate or oil layer is recovered by an 
appropriate method, washed with water to a sufficient extent and then dried. 

In cases where one dissolution-precipitation step is insufficient for the removal of low-molecular polymers, 
the dissolution-precipitation step should be repeated a plurality of times. 

The biodegradable high-molecular polymer obtained by the method of this invention can beused, forexam- 
ples, as the base (the wall substance) for microcapsules. Thus, for instance, sustained release microcapsules 
containg a water-soluble drug can be produced by preparing a water-in-oil (W/O) type emulsion using, as the 
inner aqueous phase an aqueous solution of a water-soluble polypeptide, such as luteinizing hormone releas- 
ing hormone, its analog (cf. U.S. Patent Nos. 3,853.837. 4,008.209, 3,972.859, 4.234,571 and 4,652441) 

A^y^T^T 9 ' * SSa,tS ' a0d deriv attvesmereof(cf. US. Patent Nos. 3,957.247. 4,1 00.152 and 
4.100.274). wimadditon.ifnecessaryorwhere appropriate, of adrug-retainingordrug-holding substance, such 
as gelatin, albumin pectin or agar, to said inner aqueous phase, and. as the on phase, a solution containing 
the biodegradable high-molecular polymer obtained in accordance with the invention and dispersing said emul- 
sion in an aqueous phase to give a W/O type emulsion, followed by drying in water. 

The microcapsules produced by the method according to the invention can be administered as they are to 
living organisms as implants. They can also be administered in various dosage forms or can be used as raw 
materials In the manufacture of such dosage forms. 

The dosage forms mentioned above include injections, oral preparations, nasal preparations, and rectal 
urethral and vaginal suppositories, among others. 

In making up the microcapsules according to the Invention into injections, for instance, the microcapsules 
according to the invention are made up Into a practically usable sustained release Injection in the form of an 
aqueous suspension together with a dispersing agent (e.g. Tween 80, HCC«0. carboxymethyl^ellulose, 
sodium alginate), a preservative (e.g. methylparaben, propylparaben), an isotonizing agent (e.g. sodium 
chlonde, mannitol, sorbitol, glucose), and so on or in the form of an oleaginous suspension together with a 
vegetable oil such as sesame oil or corn oil. 

Furthermore, more stable, injectable, sustained release preparations containing the above-mentioned 
microcapsules for use in the suspension form, other than the above-mentioned formulations, are obtained by 
tire steps of adding one or more exclpients (e.g. mannitol. sorbitol, lactose, glucose), redispeising. and solid!- 
fjwgjbyi freeze drying or spray drying, with distilled waterfor Injection or an appropriate dispersion medium being 

The dose of such sustained release preparations provided by the present invention may vary depending 
onthekindand content of the active ingredient peptide, the dosageform. the duration ofdrug release, the targt 
anfrnai [e.g. warm-blooded mammal ( .g. mouse, rat horse, catfi . human)] and th purpose of administration 
butshouldatleastconrespondtoth effectived seofsald active Ingredient Thus, for example, the slngl dose 
for a mammal such as mentioned abov can suitably be selected preferably within the rang ofabout0.1mg 
to 100 mg per kilogram of body weight more preferably within th range of about 0.2 mg to 50 mg per kilogram 
ofbodyweightintermsofthemicrocapsul weight The volume of the suspension in administering th above- 
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mentioned injections can suitably be se) cted within the range f about 0.1 to 5 ml, preferably about 02 to 3.0 
ml. 

In addition to microcapsules, sustained release preparations in sph rical, cylindrical, needle-shaped or 
some other form can also be produced by melting a composition comprising the biodegradable high-molecular 
5 polymer according to the invention and a drug dispersed therein by an appropriate method and molding the 
melt 

Operation and Examples 

10 The following comparative examples and working examples are further illustrative of the present invention. 
Comparative Example 1 

A 1 ,000-ml four-necked flask equipped with a nitrogen inlet tube and a condenser was charged with 375.3 
is g of 90% lactic acid and 95.1 g of glycolic acid. The charge was heated in a nitrogen atmosphere under reduced 
pressure from 90*C and 400 mmHg to 150°C and 30 mmHg over 5 hours for removing the distillate water. 
Further heating under reduced pressure at 5-7 mmHg and 15(M75°C for 24 hours followed by cooling gave 
an amber-colored lactic acid-glycolic acid copolymer. 

The copolymer thus obtained was dissolved in 1,000 ml of dichloromethane and the solution was poured 
20 into warm water (60 P C) with stirring. The resulting dough-like high-moiecular polymer that had separated out 
was collected and dried in vacuo at 30°C. 

The thus-obtained lactic acid-glycolic acid copolymer, when analyzed by GPC, showed a molecular weight 
peak at 10,000 and a low-molecular polymer (molecular weight 1,000 or less} content of 6.8%. 

2$ Comparative Example 2 

TRH (thyrotropin releasing hormone; 350 mg) was dissolved in 0.625 ml of distilled water and the solution 
was added to a solution of 5 g of the lactic acid-glycdic acid copolymer (PLGA) obtained in Comparative 
Example 1 in 6.25 m) of dichloromethane. The mixture was homogenized in a small-sized homogenizer for 60 

30 seconds to give a W/O type emulsion. This emulsion was cooled to 18°C and then poured into 1,250 ml of a 
0.25% aqueous solution of polyvinyl alcohol (PVA) adjusted in advance to 18°C, and the mixture was 
homogenized using a turbine-type homomixer to give a W/O/W type emulsion. The dichloromethane was 
evaporated by stirring the W/O/W type emulsion at room temperature for solidification of the inner W/O type 
emulsion. The resulting microcapsules were collected by centrifugation, dispersed again in distilled water and 

35 further centrifuged for washing away the free drug portion etc. 

Freeze drying of the microcapsules obtained gave a powder. The microcapsules obtained were tested for 
drug trapping percentrage and for in vitro dissolution Into a phosphate buffer having a pH of 7.0 at 37°C. The 
results are shown in Table 1. 

40 Comparative Example 3 

A 1,000-ml four-necked flask equipped with a nitrogen inlet tube and a condenser was charged with 375.3 
g of 90% lactic acid and 95.1 g of glycolic acid and the charge was heated in a nitrogen atmosphere under 
reduced pressure from 90°C and 400 mmHg to 150°C and 30 mmHg over 5 hours for removing the distillate 

45 water. Further heating under reduced pressure at 5-7 mmHg and 150-175*0 for 36 hours and the subsequent 
cooling gave an amber-colored lactic acid-glycolic acid copolymer. 

The copolymer thus obtained was dissolved in 1 ,000 ml of dichloromethane and the solution was poured 
into warm water (60°C) with stirring, whereupon a dough-like high-molecular polymer separated out This 
polymer was collected and dried in vacuo at 30°C. 

50 The thus-obtained lactic acid-glycolic acid copolymer, when analyzed by GPC, showed a molecular weight 
peak at 13,000 and a low-molecular polymer (molecular weight 1,000 or less) content of 5.5%. 

Comparative Example 4 

55 A LHRH analog (luteinizing hormone releasing hormone, leuprolide acetate; 450 mg) and 40 mg of gelatin 
were dissolved in 0.8 ml of distilled water and the solution was added to a solution of 3.5 g of the lactic acid- 
glycolic acid copolymer obtained in Comparative Example 3 in 5 ml of dichloromethane. Th mixture was 
homog nized in a small-siz d homogenizer for 60 seconds to give a W/O typ emulsion. This emulsion was 
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cooled to 18°C and then poured Into 200 ml of a 0.5% aqueous solution of polyvinyl alcohol (PVA) adjusted in 
advance to 1 8°C, and the mixture was homogenized in a turbine-type homogenizer to give a W/O/W type emul- 
sion. This W/O/W type smulsion was stirred at room temperature for vaporating the dichioromethane and sol- 
idifying the inner W/O type emulsion. The resulting solid was collected using a centriftige. This was again 
5 dispers d in distilled water for washing away the drug portion remaining in free form, among others, and then 
recovered by centrifugatioru 

Freeze-drying of the microcapsules collected gave a powder. The microcapsules obtained were tested for 
drug trapping percentage and for in vitro dissolution into a phosphate buffer having a pH of 7.0 at 37°C. The 
results are shown in Table 2. 

10 

Example 1 

Twenty grams (20 g) of the lactic add-giycolic acid copolymer obtained In Comparative Example 1 was 
dissolved in 100 ml of acetone. Distilled water (60 ml) was added dropwtse to the solution with stirring. The 08 
15 layer that separated out was collected and washed with two 500-ml portions of distilled water, whereupon the 
oil layer turned into a dough-like matter. This was dried in vacuo at 30°C. The yield was 17.4 g. 

The thus-obtained lactic actd-glycolic acid copolymer, when analyzed by GPC, showed a peak molecular 
weight value of 10,000 and a low-molecular polymer (molecular weight 1,000 or less) fraction content of 2.0%. 

20 Example 2 

Microcapsules were prepared in the same manner as in Comparative Example 2 using the lactic acid-giy- 
colic acid copolymer obtained in Example 1. The microcapsules obtained were tested for drug trapping per- 
centage and for in vitro dissolution into a phosphate buffer having a pH of 7.0 at 37°C. The results are shown 
28 in Table 1. 

Table 1 



30 

Trapping Release percentage (Z) b > 

percentage 

<Z)«> ~ ~ ~ ~ ~ ' ~ 
1 day 1 week 2 weeks 
55 

Comparative 

Example 2 93.0 8,8 47.8 95.2 

40 Example 2 93.6 5.7 27.8 77,6 



a) Amount of TRH actually taken up relative to the 
charged amount of THE. 

b) PH 7.0, 1/30 M phosphate buffer, 37°C. 

Example 3 

so Twenty grams (20 g) of the lactic acid-glycolic add copolymer obtained in Comparative Example 3 was 
dissolved in 100 ml of acetone. Distilled water (60 ml) was added dropwise to the solution with stirring. The oil 
layer that separated out was collected and washed with two 500-ml portions of distilled water, whereupon the 
oil layer turned into a dough-like matter. This was dried in vacuo at 30°C. The yield was 17.4 g. 

The lactic acid-glycolic acid copolymer thus obtained, when analyzed by GPC, showed a peak molecular 

55 weight value of 13,000 and a low-molecular polymer (molecular weight 1 ,000 or less) fraction content of 2.2%. 
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Exampl 4 

Microcapsules were prepared in the same manner as in Comparative Example 4 using the lactic acid-gly- 
colic add copolymer obtained in Example 3. The microcapsules obtained were tested for drug trapping per- 
5 centage and for in vitro dissolution into a phosphate buffer having a pH of 7.0 at 37°C. Th results are shown 
in Table Z 

Table 2 

10 - — , . 

Trapping Release percentage (Z)b) 

percentage 
U)a) ~ 

1S 1 daj 1 week 2 weeks 3 weeks 4 weeks 



Comparative 

Example 4 95.0 10.4 30.7 41.3 59.5 65.2 

Example 4 97.2 4.8 9.7 24.5 41.2 55.7 



a) Amount of the LHRH analog actually taken up 
25 relative to the charged amount. 

b) pH 7.0, 1/30 M phosphate buffer, 37 °C. 

Comparative Example 5 

30 

A 1,000 ml four-necked flask fitted with a nitrogen gas iniet tube and condenser was charged with 1902 
g of glycolic acid and 260.2 g of D,L-2-hydroxybutyric acid and the charge was heated under a nitrogen blanket 
at a reduced pressure of 400 mmHg and 90°C to 30 mmKg and 1 50°C over a period of 5 hours, with the distillate 
water being removed. Then, the vacuum heating was continued at 5-7 mmHg and 150-1 85°C for 72 hours, fol- 
35 lowed by cooling to give a glycolic acid-2-hydroxybutyric acid copolymer as an ambercolored substance. 

This polymer was dissolved in 1 ,000 ml of dichloromethane and poured in warm water at 60°C with stirring. 
The dough-like polymer that had separated out was collected and dried in vacuo at 30°C. 

The glycolic acid-2-hydroxybutyric acid copolymer having the copolymer ratio of 50/50 thus obtained had 
a peak molecular weight value of 12,000 as determined by GPC and contained 52% of low molecular polymers 
40 having molecular weights not exceeding 1 ,000. 

Comparative Example 6 

In 0.3 ml of distilled water was dissolved 350 mg ofTRH (thyrotropin-releasing hormone) and this solution 
45 was added to a solution prepared by dissolving 4.65 g of the glycolic acid-2-hydroxybutyric acid copolymer (the 
copolymer ratio, 50750) obtained in Comparative Example 5 in 5 ml of dichloromethane. The mixture was 
homogenized in a compact homogenizer for 60 seconds to give a W/O emulsion. This emulsion was cooled to 
18°C and poured in 1,000 ml of a 0.1 % aqueous solution of polyvinyl alcohol (PVA) preadjusted to 1 8°C. The 
mixture was homogenized in a turbine homo-mixer to give a W/O/W emulsion. This W/O/W emulsion was stirred 
so at room temperature to evaporate the dichloromethane and solidify the internal W/O emulsion, which was then 
collected using a centrifuge. This emulsion was redispersed in distilled water and centrifuged to wash the free 
drug etc. 

The microcapsules thus collected were lyophilized to give a powder. The drug trapping rate of the resulting 
microcapsules and th result of an in vitro dissolution test performed in phosphate buffer, pH 7.0, at 37°C are 
55 set forth in Table 3. 
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Example S 



~J 1SS !l C e ^^ d ^^ M 9 <rffte 8 | y^ fc ^^y^«^acidcopo^(th copolymer 
ratio, 50/50) obtained in Comparative Example 5. While this solution was stirred, 80 ml of distilled water was 
added dropwise. The resulting on layer was collected and washed with 500 ml of distilled water twice wh reby 
the 08 layer becam a dough-like. This was dried in vacuo at 30°C. The yield was 18.1 g 

TOsglycollcacld-2-hydroxybutyricacid copolymer having thecopolymerratio of 50/50, hada peakmctecu- 
k'weightrclueof13.000asd^^ 
lar weights not exceeding 1,000. 



Example 6 



Using the glycolic acid-2-hydroxybutyric acid copolymer (the copolymer ratio, 50/50) obtained in Example 
5, microcapsules were prepared in the same manner as in Comparative Example 6. The drug trapping rateof 
"uSF lJes ^ ,heresu,tofan Sl^2 ^luBcfl test perfbnned in phosphate buffer, pH 7.0?at37»C 



Table 3 



Trapp- Rate of release (Z)» 
ing 

rate ~~~ ~~~ 

(2)*) one one two three 

day week weeks weeks 



Comparative Example 6 85.6 17.3 50.1 89.7 99.8 
^P 166 95.6 9.0 40.5 85.1 99.9 



a) The amount of TRH actually incorporated relative to 
the feed. 

b) 1/30 M phosphate buffer, pH 7.0, 37°C. 
Comparative Example 7 

A 1,000 ml four-necked flask fitted with a nitrogen gas inlet tube and condenser was charged with 450 g 
of D.L-lacac acid and the charge was heated under a nitrogen blanket at 90»C, 400 mmHg to 1 50X. 30 mmHg 
over a penod of 5 hours, with the distillate water being removed. The vacuum heating was further continued 

, ™ 9 8 ? 5 °" 180 ° C for 23 h0URS ' folkwed b * coo,in 9 t0 & e Polylactic acid as a pale yellow product 
in 1,000 ml of dichloromethane was dissolved the above polylactic acid and the solution was stirred into 

warm water at 60«C. The resulting dough-like high polymer was collected and dried _ vacuo at 30°C 

This polylactic acid had a peak molecular weight value of 8,000 as determined by GPC and contained 5.8% 

or low molecular polymers having molecular weights not exceeding 1,000. 

Comparative Example 8 

leuprolide acetate) and this solution was added to a solution prepared by dissolving 4.0 g of th polylactic acid 
obtained In Comparauv Example 7 in 5 ml of dichloromethan . The mixture was homogenized in a compact 
homcgenteerfor 60 secondstogiveaW/O emulator 1 ^ 

ml of a 0.1 % aqueous solution of polyvinyl alcohol (PVA) preadjusted to 18»C and the mixture 'was 
homogenized with a turbine homc-mlxerto give a W/O/W emulsion. This W/O/W emulsion was then stirred at 
room temperature to evaporate the dichloromethane and solidify the internal W/O emulsion, which was then 
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collected by centrifugation. This solid emulsion was redlspersed in distilled water and further centrifuged to 
wash the free drug to. 

The microcapsules thus collected were lyophilized to give a powder. The drug trapping rate of the micro- 
capsules and the result of an in vitro dissolution test performed in phosphate buffer, pH 7.0, at 37°C are set 
5 forth in Table 4. 

Example 7 

In 100 ml of acetone was dissolved 20 g of the pdylacfic acid obtained in Comparative Example 7. While 
10 this solution was stirred, 80 ml of distilled water was added dropwise. The resulting oil layer was collected and 
washed with 500 ml of distilled water twice, whereby the oil layer became paste-like. This product was dried 
jn vacuo at 30°C. The yield was 18.5 g. 

The polylacticacid had a peak molecular weight value of 8,000 as determined by 6PC and contained 2.3% 
of low molecular polymers having molecular weights not exceeding 1,000. 

15 

Example 8 

Using the pdylactic add obtained in Example 7, microcapsules were prepared in the same manner as in 
Comparative Example 8. The drug trapping rate of the microcapsules and the result of an in vitro dissolution 
20 test performed in phosphate buffer, pH 7.0, at 37°C are set forth in Table 4. 

Table 4 



25 Trapp- Rate of release (I) b > 

ing 
rate 

(Z) a > one one two three 
da7 week weeks weeks 



Comparative Example 8 92,5 22.4 36*8 44.1 56.8 

Example 8 98.6 8.4 18.2 28.5 48.2 
35 ~ ■ 

a) The amount of the LHRH analog actually 
incorporated relative to the feed. 
m b) 1/30 H phosphate buffer, pH 7.0, 37°C. 



Claims 

45 

1. A method of purifying biodegradable aliphatic polyesters which comprises dissolving, in a readily water- 
soluble organic solvent, a biodegradable aliphatic polyester which contains low-molecular substances and 
adding water to the resulting solution to thereby precipitate high-molecular substances and to remove said 
low-molecular substances. 

50 

2. The method according to daim 1, wherein the readily water-soluble organic solvent is a member selected 
from the group consisting of acetone, tetrahydrofuran, dioxane, dimethylformamide and dimethylsulfoxide. 

3. The method according to daim 2, wh reinth readily water-soluble organic solv ntisaceton . 

55 

4. The method according to claim 1 , wh rein water is used in an amount of 50 to 160 parts by volume per 
100 parts by volume of th readily water-solubi organic solvent 
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5. AJbiod gradab! high-molecular aliphatic polyester containing low-molecular substances with a molecular 
weight of 1,000 r less in an amount of not higher than 3% by weight btained by the method of claim 1. 

6. The biodegradable high-molecular aliphatic polyester according to claim 5, wherein the biodegradable 
high-molecular aliphatic polyester is a polymer having a weight average mdecular weight of about 3,000 
to 50,000. 

7. The biodegradable high-molecular aliphatic polyester according to claim 5, wherein the biodegradable 
high-molecular aliphatic polyester is a polymer of about 50 to 100 mole percent of lactic acid and about 50 
to 0 mole percent of glycolic acid. 

8. The biodegradable high-molecular aliphatic polyester according to claim 5, wherein the biodegradable 
high-molecular aliphatic polyester is a polymer of about 25 to 100 mole percent of hydroxybutyric acid and 
about 75 to 0 mole percent of glycolic add. 

d. A microcapsule for injectable sustained release which contains an effective amount of a water-soluble drug 
and the biodegrabie high-molecular weight aliphatic polyester of claim 5. 

10. The microcapsule according to claim 9, wherein the water-soluble drug is a water-soluble polypeptide. 

11. A method for producing a microcapsule for injectable sustained release which contains an effective amount 
of ingredient and the biodegradable high-molecular aliphatic polyester of claim 5, which comprises prep- 
aring a w/o emulsion with a solution containing the ingredientserving as an inner water phase and a solution 
containing the biodegradable high-molecular aliphatic polyester serving as an ofl phase, dispersing said 
emulsion in a water phase to give a (w/o)/w ternary phase emulsion, and then evaporating the solvent in 
oO phase. 



